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T he carcinogenic effect of long-term exposure to UV A 
(315-400 nm) radiation w as examined in Cr:ORL Senca r 
mice. Daily exposure to FR40T1 2 PUV A bulbs, filtered 
w ith M ylar to elimin ate w avelen gths below 315 nm , in-
duced skin tumors w ith 50% probability of tumor devel-
opment (Tso) occurring after 68 weeks of irradiation. Tu-
mors developed primarily on the dorsa of mice and included 
squamous cell ca rcinomas, poorl y differentiated (spindle 
cell) tumors, and benign squamous papillomas. By com-
pari son, thrice-weekly exposure of Sencar mice to unfil-
tered FS40 sunlamps containin g bo th UVB (280-315 nm) 
T he UV rad iatio n present in the solar spectrum is be-lieved to be th e m aj o r ca use of skin ca ncer in humans [1] . While the ca rcinogenic effects of UV B radiatio n (280- 315 nm) are well documented experimentall y, those o f UVA (3 15- 400 nm) radiatio n are less cl ea r. 
Several preliminary reports [2,3] indica te that UV A radiation is 
tum o rigenic in hairless mice, although at doses much hig her than 
those required w ith UVB . Since th e amo unt o f UVA radiation 
reaching the ea rth 's surface far exceeds that o f UVB radi atio n , 
an interest in the bio logic effects of UV A radi ation is no t un-
wa rran ted . 
Recen t studies demonstrate that UV A radiatio n is lethal and 
mutagenic in m ammali an cell s [4-6]. T hat th e presence of oxygen 
is necessa ry fo r at least o ne of th ese effects, lethality, sugges ts 
th at UV A m ay act, in part, through an indirect pho tosensitiza tio n 
mechanism invo lving reactive oxygen species. T he spectrum of 
photoproducts induced in cellul ar D NA by UVA radiation in-
cludes cyclobutane pyrimidine dimers, (6-4)-dipyrimid ines, sin-
gle-strand b reaks, and DNA-protein cross-links [7,8; D r. M . J. 
Peak, personal communicatio n] . D NA dam ages such as these are 
tho ught to be responsible fo r a number o f severe biologic effects, 
including neop lastic transfo rmatio n. 
In the present study we have compared the tumorigenic effec-
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and UV A radiation , induced skin tumors with Tso Occu r-
ring after 23 weeks of irradiation. T umors developed pri-
marily on the ears and included squamous cell ca rcinom.as 
and spindle-cell tumors. A small number of spontaneous 
mamm ary adenocarcinomas occurred in mice (both irra-
diated and unirradiated controls) that w ere older than 50 
weeks. This study demonstrates that UV A radiation, w hich 
is the maj or UV waveband in solar radiation, is carcino_ 
genic in a haired mouse strain , although far less carcino-
genic than combined UVB/ UV A radiation. J inllest D e/'-
matol 87:272- 275, 1986 
tiveness o fUV A radiation alone w ith that of combined UVB/ UV A 
rad iation. In cont ras t to previo us studies in hairl css mi ce, w e have 
used a haircd outbred m ouse stock; C r: O RL Senca r. These mice 
are hypersusceptible to epidermal ca rcinogenes is by chemical ini-
ti ation-pro mo ti on [9, 10] o r sing le hi gh-d ose exposure to 
UVB / UV A radiati on [11] . 
MATERIALS AND M ETH O DS 
Aninlals Female Cr:O RL Scnca r mice were obtained fro m the 
Anim al Genetics and Production B ranch , N ational Cancer Ins ti-
tute-Frederick Ca ncer Rcsea rch Facility and main ta ined as pre-
vio usly described [11] . Animals were routinely m onito red an d 
found to be free o f murine viruses, paras ites, m ycoplas m a, and 
path ogenic bacteria. Animals were 10-12 weeks o f age at the 
beginning o ftrcatment, and do rsa l hair was rem o ved weekly wi th 
electri c clippe rs. 
UV Radiation The UV B/ UVA source was a bank of 6 FS40 
sunl amp bulbs (Westin gho use) situated 20 cm above the animals . 
T he UV dosc rate at th e pos itio n o f the animals w as 6 .65 W / m 2 . 
T he UV A so urce was a bank of 6 FR40T1 2 PUV A bulbs (Syl-
vania) fi ltered w ith 2 layers (0.1 3 mm each) o f preconditio ned 
M ylar. The UV dose rate fo r this so urce was 3 .785 W 1m2 at the 
position of the animals. Dose rates and spectral power distribu_ 
tio ns were determined w ith an O ptronics m odel 742 spcctro ra_ 
di o meter interfaced w ith a Hewlett-Packa rd HP 9815/S computer 
as previously described [1 21. 
O ne g ro up of mi ce (n = 23) was exposed 3 times per week to 
the U VB/ UVA source for 60 min (2.394 X 104 J/m2 per expo-
sure). T his expos ure protoco l has been shown [1 3, 14] to induce 
tum o rs in other haired strains of mi ce w itho ut ca using serio us 
tissue damagc, e.g . , ulceratio n. A second g roup (n = 20) Was 
exposed 7 tim cs pcr w eek to th e UV A source fo r 18 h (2.453 X 
105 J/m2 per exposure). T hi s was the maximulll dail y flu ence that 
could be administered w ith our UV A radi atio n equipment, w hile 
still all owing a 6-h dark period dail y to m aintain cyclic behavior 
in the mi ce. A third g roup of mice (n = 39) served as control 
and w as handled in th e sa me m ann er as th e second (UV A) g ro up, 
how ever no radiation w as administered . 
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Figure 1. Spectral power distributions of UV A source (Mylar-fi ltered 
FR40T12 PUVA bulbs) and UYB/UVA source (unfi ltered FS40 sunlamp 
bulbs). Mylar used for filtration was either untreated (new) or exposed 
to PUV A bulbs (preconditioned) as described in Resllits. 
Tumor Observation and Analysis All animals were inspected 
weekly for the first 28 weeks of treatment and monthly thereafter. 
The loca tion of each tumor w as recorded and, if a tumor measured 
10 mm in diameter, the lesion was removed and samples were 
taken for histopa thologic examination. The criteria for iden tify ing 
tumors were: (1) minimum size of 2 x 2 mm; (2) palpability; 
and (3) persistence for at leas t 4 consecutive observation periods. 
T he UVB / UV A treatment group was terminated 28 weeks after 
the beginning of radiation exposure due to the high incidence of 
tumors at that time . The percentage of animals surviving at ter-
mination was 83%. The UV A treatment and control groups were 
terminated 80 weeks after the beginning of radiation; ani mal sur-
vival was 70% and 78% , respectively. Samples of all remaining 
tumors were taken for histopathologic examination. 
Probability of tumor development was determined by a Iife-
table analysis [15] that includes only the first skin tumor appea ring 
on each animal. Thus, we are presenting the probability that an 
animal will become a skin-tumor bearer. The same analysis was 
perform ed fo r mammary tumors. Differences in tumor devel-
opment am ong g roups were tested for statistica l signifi cance by 
the M antel and Haenszel ¥ test for survival distributions [1 6] . 
RESULTS 
Spectral power distributions of the UV radiation sources are il-
lustra ted in Fig 1, and dose ra tes for various wavebands are dis-
played in Table I. The UVB/UV A source emitted 53.5% of the 
UV radiation in the 250-315 nm waveband , and the remaining 
46.5% in the 315-400 nm waveband. The Mylar sheets used w ith 
the UV A source were preconditioned (aged) by exposure to FR 
40T12 P UY A bulbs for at least 2 weeks (18 h/day) prior to use 
in experiments . This conditionin g decreased transmission by the 
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Figure 2. Probability of tumor development vs weeks of irradiation. 
Sen car mice were exposed to UVB/UV A radiation (triangles), UV A 
radiation (circles) , or no radiation (squares) as described in text. Skin 
tumors (car and dorsum) arc indicated by closed s)'l1/bols; mammary tumors 
arc indica ted by opell s)'l1/bols. 
fi lter of UV radiation in the 315- 360 nm waveband , but did not 
affect transmission in the 360- 400 nm waveband (Table I). T he 
fi ltered U VA source used to treat mice em.itted less than 0 .00009% 
of its radiation below 315 nm and 0.03% in the 315- 320 nm 
waveband . 
T he probability of tLllTIOr development in the 3 treatment groups 
is shown in Fig 2. Skin tumors began to appear in the UVB/ UV A 
treatment group after 18 weeks of irradiation, with 50% prob-
abi lity of tumor development (Tso) occurring at 23 weeks. This 
latency period for tumor appearance is comparable with that of 
BALB/c mice similarly treated [13] . Skin tumors did not appear 
in the UV A treatment group until 48 weeks of irradiation, with 
T so occurring at 68 weeks. N o skin tumors occurred in the control 
group . In contrast to previous studies with hairl ess mice [2,3] , 
chronic UV A radiation did not cause severe irritation of the dorsal 
skin . 
The majority of UVB/ UVA-induced skin tumors (12 of 15) 
developed on the ears and were well-di fferentiated squamous cell 
carcinomas (Table II) . The remaining tumors (3 of 15) were poorly 
differentiated and composed mainly of spindle-shaped cells. In 
previous photocarcinogenesis studies [13,14,17] with haired strains 
of mice, tumors of this type have been referred to as fibrosar-
comas. However, a recent reexamination [18] of the morphologic 
and ultrastructural characteristics, and keratin conten t of UV-
induced tumors of this type, suggests that they are poorly dif-
ferentiated squamous cell carcinomas. The UV A-induced skin 
tumors developed mainly on the dorsum (16 of 17), and most (9 
of 17) were well-di fferentiated squamous carcinomas. In contrast 
Table I. UV Radiation Dose Rates in Various Wavebands 
Source 250-315 nm 315-320 nm 320-360 n m 360-400 11 m 250-400 n m 
FS40 sunlamp 3.56" 0.44 2.31 0.34 6.65 
(53.5)b (6.6) (34.7) (5.1) (100) 
FR40T12 PUVA < 0.000035 0.0022 2.655 2.309 4.966 
(new Mylar) «0.00007) (0.04) (53.46) (46.50) (100) 
FR40T12 PUVA < 0.000035 0.0011 1.475 2.309 3.785 
(preconditioned Mylar) «0.00009) (0.03) (38.97) (61.00) (100) 
·W /m'. 
bPcrccntagc of total (250-400 nm) UV radiation . 
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Table II. Anatomic Site and Histologic Type of Tumors 
Poorly Differentiated 
Treatment No. of No. Skin- No. of Squamous Squamous (Spindle Cell) 
Group Mice Tumor Bearers Site Tumors Papillomas Carcinoma Tumor Adenocarcinoma 
UVB/UVA 23 15 Ear 12 0 10 2 0 
Dorsum 3 0 2 1 0 
UVA 20 12" Ear 1 1 0 0 0 
Dorsum 16 4 9 3 0 
Mammary 4 0 0 0 4 
No UV 39 0 Ear 0 0 0 0 0 
Dorsum 0 0 0 0 0 
Mammary 6 0 0 0 6 
"Three mice had 2 dorsal tumors each; one mouse had 2 dorsal tumors plus an ea r tumor. 
to the UVB/UV A group, the UV A-treated group developed 
several (5 of 17) benign squamous papillomas . . 
A number of animals in both the control and UV A groups 
developed rapidly growing tumors of the mammary gland, most 
of which were detected between 52-76 weeks . These tumors were 
adenocarcinomas which are known to occur spontaneously in 
aging Sen car mice [19] . The probability of mammary adenocar-
cinoma development was not statistically different (p > 0.05) in 
the conrol and UV A groups, indicating that UV A treatment did 
not enhance (or inhibit) the development of these tumors. Ad-
enocarcinomas ' were not observed in the UVB/UV A treatment 
groups because these animals were sacrificed after 28 weeks. 
DISCUSSION 
Most human skin tumors are believed to be caused by the repeated 
exposure of skin to the UV radiation present in sunlight. Since 
solar UV radiation (290-400 nm) is comprised mainly of UV A 
radiation, with small amounts «5%) of highly carcinogenic UVB 
radiation, we were interested in examining the effectiveness of 
UV A radiation alone as a skin tumorigen in an experimental 
model. 
Mice exposed daily to high doses (2.453 X 105 J/m2) of UV A 
radiation developed skin tumors with Tso of 68 weeks. This cor-
responds to a total accumulated dose of approximately 1.17 x 
lOH J/m2. Mice exposed thrice weekly to UVB/UV A radiation 
(2.394 x 104 J/m2) developed skin tumors more rapidly with T 50 
after 23 weeks of irradiation, corresponding to a total dose of 
1.65 X lOr. J/m2. It is not known what effect (if any) the wave-
lengths between 320-400 nm emitted by the UVB/UV A source 
contributed to early tumor development in this experiment. The 
influence ofUV A radiation on UVB/UVA carcinogenesis in hair-
less mice has been examined in several laboratories. UV A radia-
tion augmented the tumorigenic effectiveness of mixed UVB/UV A 
radiation in 2 studies [20,21]. and diminished or had no effect on 
UVB/ UV A tumorigenesis in a third study [22] . 
Another important factor to be considered is the short-wave-
length cutoff (315 nm) of the UVA source. The shorter wave-
lengths (315-320 nm) of this source probably contribute ,ignif-
icantly to its tumorigenic effectiveness. Previous studies have 
demonstrated that no tumors [21 ,22] or very few tumors [2] are 
induced when all wavelengths <320 nm are eliminated from the 
radiation source. In contrast, when the lower wavelength limit 
is extended to 315 nm , UV radiation becomes more tumorigenic 
[3, and present study]. As with the UVB/UV A source, it remains 
to be determined whether the effect of these shorter wavelengths 
is independent of, or augmented by, the longer (>320 nm) wave-
lengths of the UV A source. 
The short-wavelength cutoff of the UV A source is also im-
portant in terms of mechanism since it is within the critical 315-350 
nm region . Action spectra for mutagenesis and DNA damage in 
Escherichia co li [23] suggest 2 different wavelength-dependent 
mechanisms for UV interaction, termed direct (UVC mechanism) 
and indirect (UV A mechanism). At wavelengths <315 nm, the 
mechanism is exclusively direct; and at wavelengths >350 nm, 
the mechanism is all indirect. A transition region exists between 
these 2 wavelengths in which both mechanisms are operative, 
contributing equally to mutation and DNA damage at about 335 
nm. The UV A source used in the present study contains both 
the transition and indirect regions, suggesting that both mecha-
nisms are operative. 
In addition to synergistic effects between different wavebands, 
another variable to be considered in as~essing tumorigenic effec-
tiveness is the rate at which the radiation dose is delivered. This 
variable is known to influence UVB tumorigenesis [24,25] and 
presumably influences UV A tumorigenesis as well. Therefore, a 
precise quantification of the relative tumorigenic effectiveness of 
UV A radiation will require a comprehensive investigation of the 
effects of both UV A spectra and UV A dose rate on tumori-
genicity. 
An interesting finding in the present study was that the ana-
tomic sites at which tumors developed were different for the 2 
radiation sources . UVB/UV A radiation induced tumors primar-
ily on the ears; whereas, UV A radiation induced tumors on the 
dorsum. Previous studies have shown that Sencar mice exposed 
to a single high dose of UVB/UV A develop tumors mainly on 
the dorsum [11] . Conversely, the ear is the primary site for chronic 
UVB/UV A photocarcinogenesis in the haired, albino mouse strain, 
BALBI c [13] . Ear tissue retains its relative hypersusceptibility to 
photo carcinogenesis when transplanted to the dorsum [26]. sug-
gesting that hypersusceptibility is an inherent property of the ear 
tissue itself. Pigmented strains of haired mice (C3H, C57BLl6, 
NZB/N) develop tumors on both the ear and dorsum in roughly 
equal proportions [13,14]. Thus, the site of UV -induced tumor 
development in haired mice depends on at least 3 factors : UV 
spectrum, exposure schedule, and mouse strain. 
In summary, this study shows that long-term exposure to UV A 
radiation is carcinogellic in Cr:ORL Sen car mice. UV A radiation 
was much less effective than combined UVB/UV A radiation on 
the basis of total cumulative dose administered prior to tumor 
appearance. Ear tissue was more susceptible than dorsal tissue to 
chronic UVB/UV A tumorigenesis, whereas dorsal tissue was 
more susceptible to chronic UV A tumorigenesis . 
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